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(57) Abstract 

High-density polyethylene (HDPE) which experiences a reduction in molecular weight during processing and is "hmiti fl KU by means 
of catalysts of the Ziegler-Natta type can be stabilized against thermo-oxidative degradation by addition of a combination of a sterically 
hindered phenol and an organic phosphite or phosphonite and calcium oxide. 
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Process for the stabilization of HDPE 

The invention relates to stabilized high-density polyethylene (HDPE), as obtainable by 
means of catalysts of the Ziegler-Natta type, to a stabilization process, and to the use of a 
stabilizer mixture in this process. 

The processing and use of bulk plastics (for example polypropylene, polyethylene or PYQ 
are impossible without the addition of stabilizers such as antioxidants and light stabilizers, 
etc. In recent years, advantageous processing and long-term stabilizers for fresh materials 
(for example polypropylene or polyethylene) have proven to be combinations of sterically 
hindered phenols and organic phospites and phosphorites. 

Some organic phosphites are very sensitive to moisture and tend towards hydrolysis, 
causing a drop in effectivness. EP-A-0 400 454 proposes stabilizing organic phosphites 
derived from a pentaerythrityl phosphite by addition of a metal soap, an alkali metal oxide 
or an alkali metal salt. In US 4 443 572, a pentaerythrityl phosphite is stabilized by 
addition of an alkaline earth metal oxide. Furthermore, FR-A-82 09635 describes 
copolymers of ethylene and another olefin to which a mixture of a phenolic antioxidant, an 
organic phosphite and an alkaline earth metal oxide have been added. 

The object of the present invention was to provide a novel stabilizer system by means of 
which fresh HDPE material, which experiences a reduction in molecular weight during 
processing, having improved stability compared with that on addition of known stabilizers 
can be obtained. 

The invention thus relates to stabilized high-density polyethylene (HDPE) which 
experiences a reduction in molecular weight during processing, as obtained, in particular, 
by means of catalysts of the Ziegler-Natta type, comprising a mixture, preferably from 
0.05 to 15 % by weight, of a) at least one sterically hindered phenol, b) at least one 
organic phosphite or phosphonite and c) calcium oxide. 

The novel stabilizer combination gives an unexpected, synergistic reduction in the drop in 
molecular weight during processing. Thus, during multiple extrusion (processing 
stability), the addition of the novel stabilizer combination results in an only very slighr 
increase in the melt flow rate. Furthermore, the addition of the novel stabilizer 
combination gives very good long-term heat stability. 
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For the purposes of the present invention, HDPE is obtainable by polymerization by 
means of oxganometaffic mixed catalysts (Ziegler-Natta catalysts), for example by 
precipitation polymerization. Combinations of metals from sub-groups IV to VIH with 
metals from main groups I to IV of the Periodic Table are usually used. The reaction is 
earned out under atmospheric pressure or a atmospheric pressure of up to about 5 bar 
at temperatures below 150°C in an inen solvent, for example aromatic* orlane^ 
cycloalkane hydrocarbons. In industry, catalyst combinations of trialkylaluminium 
compounds, alkylaluminium halides and, for example, magnesium chloride, 
tnethylaluminium. aluminium trichloride, diemylaluminium chloride 
nisC^memylpropyOalmninium. ordiethylmagnesium and titanium(m) chloride 
utamumOV) chloride, titanic esters and. for example vanadium trichloride or tribromide 
vanadium tetrachloride, zirconium tetrachloride or tetrabromide. VOQ 2 VOCU 
vanadium trisacetylacetonate, dichlorotuanocene. dichlorozirconocene. a titanium<III) 
ch onde/methyltitanium trichloride mixture or magnesium chloride-modified titaniumffV) 
chlonde catalysts have proven particularly successful It is also possible to prepare HOPE 
by gas-phase polymerization. In this case, the catalyst is a transition-metal compound (for 
sample «anium(IV) chloride) applied to high-purity, anhydrous magnesium compounds 
The pdymenzauon is carried out at a pressure of about 3J5 MPa and a temperature of 



The a:b weight ratio is preferably from 20:1 to 1:20. in particular from 10:1 to MO very 
particularly preferably from 4: 1 to 1 :4. The (a + b):c weight ratio is preferably from IcUto 
1:20, in pamcular from 5:1 to 1:10. very particularly preferably from 3:1 to 1:3. 

The HDPE is preferably mixed with from 0.05 to 5 % by weight, paiticualrly preferably 
from 0.1 to 2 % by weight, very particularly preferably from 0.1 to 1 % by weight, of the 



mixture of a, b and c. 



The sterically hindered phenols used as component a are known stabilizers against 
thermooxidative ageing of plastics, in particular polyolefins. The sterically hindered 
phenols contain, for example, at least one group of the formula I 



(D 



WO 95*25767 



PCT/EP95/00897 



-3- 



in which R* is hydrogen, methyl or tert-butyl, and 

R M is unsubstituted or substituted alkyl or unsubstituted or substituted alkylthioalkyL 
Particularly preferred compounds as component a are those of the formula II 



A 




in which 

A is hydrogen, CVC^alkyl, C5-C 12 cycloalkyl, phenyl-Cj-Qalkyl, phenyl, -CHj-S-R^ 
or 




D is Q-C^alkyl, C5-C 12 cycloalkyl, phenyl-C r C 4 -alkyl, phenyl or -CH2-S-R25, 
X is hydrogen, C r C 18 alkyl, -C^-Sq-R^ -C^-CO-OR^, 
-CbHab-CO-N^JCRso), -CHaNCR^CRss) , 




R is hydrogen or a group of the formula -CO-CH==CH 2 , 
G* is hydrogen or C r C 12 alkyl, 

R^ is C r C 18 alkyl, phenyl, -(CH^COOR^ or -CH 2 CH 2 OR 
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R M is hydrogen, q-Qualkyl, phenyl, benzyl, — OH , -(CH^c-COORjg or 

D 

-CH2-CH2-OR33, 
R27 . is C,-C3oalkyl, -CHRjj-CHj-S-Ra* 




or -CH 2 -C[CH 2 -0-CO-C^2b 




OH] 3 , 



in which Q is Cr C 8 alkylene, Q-Qthiaalkylene or -CHjCHjCOCHjCHjV, 
R28 is C 1 -C 24 alkyl, 

R» is hydrogen, C,-C, 8 alkyl or cyclohexyl, 

R30 is C r Ci 8 alkyl, cyclohexyl, phenyl, Cj-Cjgalkyl-substituted phenyl or one of the 
groups 

A 



■(CH^rNH-CO-CbHa 





-(CH^rO-CO-CbHa— XJ — OH and 
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A 




D 



or R29 and R30 together are Q-Cgalkylene, which may be interrupted by -O- or 
-NH-, 

R 31 is hydrogen, C r C 4 alkyl or phenyl, 
R32 is C r C 18 alkyl, 

R33 is hydrogen, Cj-C^alkyl, phenyl, C2-C 18 alkanoyl or benzoyl, 
R34 C r C 18 alkyl, cyclohexyl, phenyl, C r C 18 aIkyl-substituted phenyl or 



A 



-(CHjVNH-CH; 




D 



R35 is hydrogen, C r C 18 alkyl, cyclohexyl, or 

-CH 2 -^"^--OH f or 
D 

R34 and R35 together are C 4 -C 8 alkylene l which may be interrupted by -O or -NH-, 
a is 0, 1.2or3,bis0, 1, 2 or 3, c is 1 or 2, dis 1 to5,f is 2 to 8 andqis 1, 2, 3 or 4. 

Preference is given to compounds of the formula II in which 

A is hydrogen, Q-Cgalkyl, cyclohexyl, phenyl, -CH 2 -S-C r C 18 alkyl or 



X 
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D is C r Qalkyl, cyclohexyl, phenyl or -CH r S-C r C 18 alkyl, 

X is hydrogen, Chalky!, -C^S^R^ -CbH^-CO-OR^, -CHjN^G^), 




R26 is C^-C^alky!, phenyl or -(CHiVOO-OR; 
R 27 is C r C 18 alkyl, 



A 




in which Q is Cz-Csalkylene, -<^ 2 -CH 2 -S-CH 2 CH r or -CH 2 CH 2 (OCH 2 CH 2 ) d -, 
R28 is C r C 18 alkyl, 

R34 and R 35f independently of one another, arc hydrogen or Cj-C^alkyl, or 

R34 and R 35 together are C 4 -C 8 alkylene, which may be interrupted by -O- or -NH-, 

a is 1 or 2, bis 1 or2,cis 1 or2 t anddis l,2or3. 

Examples of sterically hindered phenols of this type are: 

2,6-di-tert-butyl-4-methylphenol, 2-tert-butyl-4,6-dimethylphenol, 2,6-di-teit-butyl-4- 
ethylphenol, 2,6^-ten-butyl-4-n-butylphenol t 2,6-di-tert-butyM-i-butylphenoI, 
2 t 6-dicyclopentyl«4-methylphenol, 2-(a-methylcyclohexyl)-4,6-dimethylphenol, 
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2,6-dioctadecyl-4-methylphenol f 2,4,6-tricyclohexylphenol, 2,6-di-tert-butyl-4- 
methoxymethylphenol, 2 l 6^iinonyl-4-mcthylphenol f 2,6-di-tert-butyl-4-methoxyphenol, 
2,5-di-tert-butylhydroquinone, 2^-di-tert-amylhydroquinone, 2,6-diphenyl-4-octa- 
decyloxyphenol, 2 t 2 , -thiobis(6-tcn-butyl-4-methylphenol) f 2^'-thiobis(4.octylphcnol) f 
4,4'-thiobis(6-tert-bmyl-^ 

2^ , -methylenebis(^tm-butyl^methylphcnol), 2^-methylenebis(6- 

tm-butyl^thylphenol),2^me^^ 

2^«methylcnebis(4-methyl.6-cyclohexylphenol), 

2 t 2 , -methylenebis(6-nonyl^-methylphenol), 2^ l -methylenebis(4 f 6-di-tcrt-butylphcnol), 
2,2'^thylenebis(4,6Kii-tert^^^ 

2 f 2-methylenebis[6^a-mcthylbenzyl)-4-nonylphenoI], 
2,2 , -me±ylenebis[6-(a,a-^ 

4,4 , -mcthylenebis(2,6-di-tcrt-butylphenol), 4,4^methylenebis(6-tert-butyl-2- 

methylphenol), l,l-bis(5-tert-butyl-4-hydioxy-2-mcthylphenyl)butane, 2,6-bis(3- 

tert-butyl-S-methyl^-hydroxybenzylH-mcthylphcnol, 1 , 1 ,3-tiis(5-tert- butyl-4- 

hydroxy-2-methylphenyl)butane, lJ-bis(5-tm-butyl^hydroxy-2-inethylphenyl)-3-n-do- 

decylmercaptobutane, ethylene glycol bisP^bisP'-tdn-butyM'-hydroxyphenyUbutyrate], 

bis(3-tm-butyl^hydroxy-5-methylphenyl)dicydopentai bis[2-(3'-tert-butyl-2- 

hydn>xy-5-methylbenzyl)-6-tert-butyl^methylphrayI]tercp 

1.34>-tris(3^^-tm-butyl^hydroxybenzy^^ 

bis(3 f 5-di-tert-butyl-4-hydroxybenzyl) sulfide, isooctyl 

3,5-di-tert-butyl-4-hydioxyben2ylmercaptoacetate f 

bis(4-tert-butyl-3-hyctoxy-2,6-dimethylbeiX2yl) dithiotercphthalate, 

l,3^-tris(3^-di-tert-butyl^hydroxybenzyl) isocyanuiate, 

1 ,3^-tris(4-ten-butyl-3-hydroxy-2,6-dimethylbenzyl) isocyanurate, dioctadecyl 

3 t 5-di-tert-butyl-4-hydn>xybenzylphosphonate and the calcium salt of monoethyl 

3,5-di-tert-butyl-4-hydroxybenzylphosphonate. 

Component a is particularly preferably a compound containing at least one group of the 



formula 




If 
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in which R' is methyl or tert-butyl; and 

R" is unsubstituted or substituted alkyl or unsubstituted or substituted alkylthioalkyl. 

Examples of such hindered phenols arc the esters of P-(3,5-di-tert-butyl-4- 

hydroxyphenyl)prppionic acid and of 0-(5-tert-butyl^hydn>xy-3-me^^ 

acid with monohydric or polyhydric alcohols, for example with methanol, octanol, 

octadecanol, 1,6-hexanediol, neopentyl glycol, thiodiethylene glycol, (Methylene glycol, 

methylene glycol, pentaerythritol, tris(hydroxyethyl) isocyanuiate, 

N,N , -bis(hydroxyethyl)oxalamide, and the amides of these acids, for example 

N,N'-bis(3,5-di-tm-butyM-h^ 

N,N f -bis(3,5^-tOT-butyl^hy<to^ md 
N,N-bis(3^di-tert-butyl^hydroxyphenylpropionyl)hydrazine. 

Other particularly preferred compounds are: 



O 




(2-(l,l.dimethylethyl)-6-[[3-(l # l-dimethylethyl)-2-hydroxy- 
5-methylphenyl]methyl]-4-methylphenyl 2-piopenoate } ; 




{ 1,6-hexanediyl 3,5-bis(l,l-dimethylethyl)-4-hydroxyphenylpropanoate}; 
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0 
II 



HO ^ ^ CHg^Hg-C-O-CHg-CHgO-CHj - 



J2 



{ l^-ethanediylbistoxy-Z, l-«thanediyl) 3-(l, 1-dimcthylethyl). 
4-hydroxy-5-methyl-phenylprppanoate } ; 




CH 2 SC8H 1 7 



{2-meihyl-4 > 6-bis[(octylthio)methyl]phcnol}; 




{ l^'-ethylidencbisC^e-di-tert-butylphenol) } ; 



0 

CHgCHg^OCHgCHa - 



{ thiodi-2 t 1-ethanediyl bis-3,5-di(l J^iimcthylcthylM-hydroxyphenylpiopanoate} ; 
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{4 > 4\4 M -[(2.4 ) 6-trime%l-l t 3^-phcnyltriyl)tiis(methyleneM 
phenol). 

Component a is very particularly preferably pentaerytbrityl, octyl or octadecyl 
p-(3^-di-tert-butyl-4-hydroxyphenyl)propionate. 



Component a is preferably used in an amount from 0.01 to 3 % by weight based 
HDPE. 



on 



tas 



The organic phosphites and phosphorites to be used according to the invention 
component b are likewise known as stabilizers for plastics. They are used, in particular, 
processing stabilizers for polyolefins. 



as 



The phosphites to be used according to the invention conform, for example, to the 
formulae 



OH) RjO-p; 



i 



,ORi 



(no a' --b-p; 



OR4 



,OR 2 
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(V) 



r j O > 



(VI) 



O A' 



or(VII)W— I-p 





in which 

R'„ R' 2 and R' 3> independently of one another, are alkyl having 1 to 18 carbon atoms, alkyl 
having 1 to 18 carbon atoms which is substituted by halogen, -OOORV, -CN or 
-CONIVRV, alkyl having 2 to 18 carbon atoms which is interrupted by -S-, -O- or -NR' 4 -, 
cycloalkyl having 5 to 8 carbon atoms, phenyl or naphthyl, phenyl or naphmyl which is 
substituted by halogen, 1 to 3 alkyl radicals or alkoxy radicals having a total of 1 to 18 
carbon atoms, 2,2,6,6-tetramethylpiperid-4-yl, N-allyl- or N-benzyl- or 
N-alkyl-2A6,6-tetramethylpiperid-4-yl having 1 to 4 carbon atoms in the alkyl moiety or 
N-alkanoyl-2A6,^tetramethylpiperid-4.yl having 1 to 4 carbon atoms in the alkyl moiety, 
or N-alkylene-2 A6,6-tetramethylpiperidyl or N-alkylene-4-alkoxy-2A6.6-tBtramethyl- 
piperidyl having 1 to 3 carbon atoms in the alkylene moiety and 1 to 18 carbon atoms in 
the alkoxy moiety, 

R' 4 or the radicals R4' are, independently of one another, hydrogen, alkyl having 1 to 18 
carbon atoms, cycloalkyl having 5 to 12 carbon atoms or phenylalkyl having 1 to 4 carbon 
atoms in the alkyl moiety, 
n* is 2, 3 or 4, 

A\ if n' or q is 2, is alkylene having 2 to 12 carbon atoms, alkylene having 2 to 12 carbon 
atoms which is interrupted by -S-, -O- or -NR' 4 -, in which R' 4 is as defined above, or a 
radical of the formula 
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or 





A', if n' or q is 3, is a radical of the formula -QH^-r or N(CH 2 CH 2 ^ , in which 
r is 5 or 6, 

A\ if n* is 4, is the radical of the formula C(CHf)3", 

R' 5 and R' 6 independently of one another, are hydrogen or alkyl having 1 to 8 carbon 
atoms, 

B is a radical of the formula -CH 2 -, -CHR >, -CR^R -S- or a direct bond, in which R\ 
and R 4 are as defined above, 
pis lor 2, 

D' is methyl if p is 1 and -CH 2 OCH r if p is 2, 
R 9 is methyl, and R' 10 is as defined for R' lt 
qis2or3, 
y is 1,2 or 3, 

W, if y is 1, is alkyl having 1 to 18 carbon atoms, a radical of the formula -OR' 16 , 
-NR^R 1 ! 8 or fluorine, 

W, if y is 2, is a radical of the fomrula -OA"-0- or 



-0—( N-CH,-' 



, 2 _cb-r; 9 , 



HoC CHo 



W,ifyis3.isaradicalofthefonnula RiCCCHaO^-, N^I^O^j- or NfC^O^r . 
in which R' 4 is as defined above, 
R'i6 is as defined for R',, 

R' 17 and R', 8 , independently of one another, are alkyl having 1 to 18 carbon atoms, benzyl, 

cyclohexyl, a 2 ,2,6,6-tetra- or 1 A2,6,6-pentamethylpip«id-4-yl radical, or R'i 7 and R', 8 

together form butylene, pentylene, hexylene or the radical of the formula 

-CH2CH2-O-CH2CH2-, 

A" is as defined for A' if n' is 2, 

R'i9 is hydrogen or methyl, 
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the substituents R'i 4 , independently of one another, are hydrogen, alkyl having 1 to 9 
carbon atoms or cyclohexyl, 
R'u is hydrogen or methyl and 

Z is a direct bond, -CH r , -C(R\^- or -S-, in which the substituents R\ 4 are identical or 
different and are as defined above. 

Particularly suitable phosphites of the formula (HI) are those in which R',, R' 2 and R' 3 , 
independently of one another, are alkyl having 1 to 18 carbon atoms, phenyl, phenyl which 
is substituted by 1 to 3 alkyl radicals having a total of 1 to 18 carbon atoms, or 
2Z6;6-tetramethylpi P erid-4-yl. in particular, independently of one another, phenyl which 
is substituted by 1 to 3 alkyl radicals having a total of 1 to 12 carbon atoms. 

Particularly suitable phosphites of the formula (IV) are those in which A' is preferably, if 
n' is 2, alkylene having 2 to 12 carbon atoms. -CH 2 CH 2 -0-CH2CH 2 -, 
-CH 2 CH 2 -0-CH 2 CH 2 0-CH 2 CH 2 -or -CH 2 CH 2 -NRVCH 2 CH 2 -, or A\ if n* is 3, is 
N(CH 2 CH 2 ^f, where R 4 is alkyl having 1 to 4 carbon atoms. 

Particularly suitable phosphites of the formula (V) are those in which p is 1, D* is methyl, 
R' 9 is methyl and R' 10 is phenyl which is substituted by 1 to 3 alkyl radicals having a total 
of 1 to 18 carbon atoms. 

Particularly suitable phosphites of the formula (VII) are those in which W, if y is 1, is a 
radical of the formula -OR 16 , -NR'pR'jg orfluorine, or W, if y is 2, is a radical of the 
formula -0-CH 2 CH r NR' 4 -CH 2 CH 2 -0-. or W, if y is 3. is a radical of the formula 
N(CH 2 CH 2 0-fe-, where R' 16 is alkyl having 1 to 18 carbon atoms, R' 17 andR' 18 , 
independently of one another, are alkyl having 1 to 18 carbon atoms, cyclohexyl or benzyl, 
or R' 17 and R' 18 together form a piperidyl, morpholinyl or hexamethyleneimino radical, 
and R' 4 is as defined above, Z is a direct bond, -CH 2 - or -CHCH3-, and the two 
substituents R',4, independently of one another, are alkyl having 1 to 4 carbon atoms, and. 
in particular, if y is 1, W is 2-ethylhexoxy or fluorine, R' M is tert-butyl, R'i 5 is hydrogen ' 
and Zis -CH r or-OICCHaK or W, if y is 2, is aradical of the formula 
-0-CH 2 CH 2 -NCH3-CH 2 CH2-0-. 

Preference is given to phosphites and phosphonites which have relatively low hydrolytic 
sensitivity, for example trilauryl phosphite, trioctadecyl phosphite, distearyl 
pentaerythrityl diphosphite or tristearyl sorbityl triphosphite. 
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Preference is furthermore given to aromatic phosphites and phosphorites; these contain an 
aromatic hydrocarbon radical, for example a phenyl radical. Examples thereof are 
triphenyl phosphite, diphenyl alkyl phosphites, phenyl dialkyl phosphites and, in 
particular, tris(nonylphenyl) phosphite, tris(2,4-di.tcn-butylphenyl) phosphite, 
bis(2,4-di-tert-butylphenyl) pentaerythrityl diphosphite, 
tetrakisP^-tert-butylphenylM^'.biphenylene diphosphonite and 
^^tiiyKdenebisC^e-di^tert-butylphenyl) fluorophosphite. 

Of particular interest are phosphites and phosphorites containing, as structural units, the 
P-O-Ar group, where Ar is an aromatic radical, preferably a phenyl radical, which 
contains an alkyl substituent in the ortho-position to the P-O-C bond. Suitable alkyl 
substituents are C r C 38 alkyl radicals or Cs-Cvcycloalkyl radicals, preferably C r C 4 alkyl 

radicals, in particular ten-butyl (indicated by 1 — in the formulae). 

The following phosphites and phosphorites are particularly preferred: 
tris(2,4-di-tert-butylphenyl) phosphite; 




F 




O 



O 



\ 
/ 



P — o 



3 



N 
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Component c is calcium oxide, which is also taken to include {substances which only 
comprise some calcium oxide, for example MgO/CaO mixtures formed, for example, by 
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ignition of dolomite, and Ca(OHyCaO mixtures. The calcium oxide can be employed in 
the form of powder, but also in coated form or on a support material or alternatively mixed 
with an inert powder, for example polyethylene wax. 

Component c is preferably used in an amount of from 0.005 to 10 % by weight, based on 
HDPE. 

If desired, a mixture of various compounds for a and b can also be employed. 

The present invention furthermore relates to the use of a mixture for stabilizing HDPE 
which experiences a reduction in molecular weight during processing and is obtained, in 
particular, by means of catalysts of the Zegler-Natta type, which mixture comprises a) at 
least one sterically hindered phenol, b) at least one organic phosphite or phosphonite and 
c) calcium oxide. 

The present invention furthermore relates to a process for the stabilization of HDPE which 
experiences a reduction in molecular weight during processing and is obtained, in 
particular, by means of catalysts of the Zicgler-Natta type, which comprises adding a) at 
least one sterically hindered phenol, b) at least one organic phosphite or phosphonite and 
c) calcium oxide to the HDPE 

Preferred stabilizer mixtures and preferred process embodiments correspond in then- 
components and mixing ratios to the preferences described in greater detail for the HDPE 
stabilized in accordance with the invention. 

The addition of these combinations to the HDPE enables thermoplastic processing with 
reduced degradation and extends the service life of the materials produced from the 
HDPE. 

The incorporation of the mixture in accordance with the novel process can be 
accomplished by adding the individual components, but alternatively by premixing the 
components in powder form, granular form or compacted form. It is also possible to 
prepare a mixture with an inert support, for example a mixture in LDPE as a masterbatch. 
The incorporation is usually carried out before or during shaping; these and other useful 
modes of incorporation are known to the person skilled in the art. 

The stabilizing action of the mixture of a, b and c. in particular the long-term stability. 
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may be increased synergisticalty by the addition of compounds known as thiosynergists. 
These are aliphatic thioethers, in particular esters of tbiodipropionic acid. Examples 
thereof are the lauryl, stearyl, myristyl and tridecyl esters of thiodipropionic acid and 
distearyl disulfide. These thiosynergists are preferably used in an amount of firom 0.1 to 
1 % by weight, based on HDPE. 

It is also possible to add further suitable stabilizers from the lactate series, tor example 
calcium lactate or calcium stearoyI-2-lactylate, or benzofurans, for example 




or described in US-A-4 325 863, US-A-4 338 244, US-A-5 175 312, US-A-5 216 052, 
US-A-5 252 643, DE-A-4 316 61 1, DE-A-4 316 622, DE-A-4 316 876, EP-A-0 589 839 o 
EP-A-0 591 102, and 3-[4-(2-acetoxyemoxy)phenyl]-5,7Kii-tert-butyl-benzoruiTO 
5,7KU-tm-butyl-3-[4-(2-stearoyloxye^ 

butyl-3^4-P-hytoxyemoxy]phenyl)beiiz()furan-2-oneJ, 5,7-di-tert-butyl-3-(4-ethoxy- 
phenyl)brazofuran-2H>ne, 3-(4-a^^ 

2-one,3-(3,5^emyl^j^oyloxyphenyl>5,7Hfi-tert-butylbenzofm^ 
Other suitable stabilizers are chroman derivatives of the formula 




where R is -(CH^-CHCCH^CH^-CHCCHaXCH^-CH-CCHj^ or 
-CH 2 -CH 2 -0-C(0)-Z, and 
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Z is C r C 18 alkyl, -CH r CH r S-C r C 18 alkyl or CH ; 




OH , where R and R w 



are hydrogen, methyl or tert-butyl, for example a-tocopherol, P-tocopherol, y-tocopherol, 
5-tocopherol and mixtures thereof (vitamin E). 

If the HDPE article is also required to have high light stability, the addition of one or more 
light stabilizers is recommended. Suitable light stabilizers for this purpose are, in 
particular, those from the series consisting of benzophenones, benzotriazoles, oxanilides 
and stoically hindered amines. Examples of such compounds are: 

2.1. 2-f2 , -HvdroxvDhenvnbenzotriazoIes. for example 2-(2 '-hydroxy^ 
methylphenyl)benzotriazole, 2-(3 , ^ , -di-tert-butyl-2 , -hydroxyphenyl)benzotriazole, 
2-(5 , -tert-butyl-2 , -hydroxyphenyl)benzotriazole f 2-(2 , -hydroxy-5*- 
(l,l,3,3-tetnmiethylbmyl)p^^ 

butyl-2*-hydroxyphenyl)-5-cWorobenzotiiazole, 2-(3*-tert-butyl- 2^hydroxy-5 > - 

methylphenyl)-5-chlorobenzotriazole, 2-(3*-sec-butyl-5 , -tm-butyl-2 , -hydroxy- 

phenyl)benzotriazole, 2-(2 , -hydroxy-4 , -octoxyphenyl)benzotriazole, 2-(3 , t 5'-di-ten- 

amyl-2^hydroxyphenyl)benzotriazole, 2-(3•^•-bis(a,tx-dimethylbenzyl)-2 , - 

hydroxyphenyl)benzotriazole, mixture of 2-(3 , -ten-butyl-2 , -hydroxy-5- 

(2^tyloxycarbonykthyl)phenyl)-5^Morobe^ 

[2-(2^*ylhexyloxy)caftonylethyI]^^ 

2-(3-text-butyl-2 , -hydroxy-5'-(2-me 

2-(3-ten-butyl-2 , -hydraxy-5'-^^ 

2-(3'-tert-butyl-2*-hydroxy-5 , -(2K^ 

2-(3'-tert-butyl-5'-[2-(2^thy^^ 

2-(3 , -dodecyl-2 , -hydroxy-5^ and 2-(3 , -tert-butyl-2 , -hydroxy- 

S'-^-isoc^tyloxycaitonykthylJphenylbenzotriazole, W-methylenebis[4-(l,l t 3,3- 
tetramethylbutyl)-6-benzotriazol-2-yl phenol]; transesterification product of 2-[3'-tert- 
butyl-5X2-methoxycarbonylethyl)-2^^^ with polyethylene 

glycol 300; [R-CHjCHj-OCXXCTa)^ where R = S'-tert-butyW-hydroxy-S^- 
benzotriazol-2-yl phenyl 1 



2.2. 2-Hvdroxvbenzophenones. for example the 4-hydroxy, 4-methoxy, 4-octoxy, 
4-decyloxy, 4-dodecyloxy, 4-benzyloxy, 4^\4'-trihydroxy and 
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2'-hydraxy-4,4*-dimethoxy derivatives. 

2.3. Esters of nnsubsti tnted or substituted benzoic acids, for example 4-tert-butyl-phenyl 
salicylate, phenyl salicylate, octylpbenyl salicylate, dibcnzoylrcsorcinol, 
bis(4-tert-butylbenzoyl)resorcinol, benzoylresorrinol, 2,4-di-tert-butylphenyl 
3^-di-tert-butyl-4-hydroxybenzoate, hexadecyl 3,5-di-tert-butyl-4-hydroxybeiizoate, 
octadecyl 3^-di-tert-butyl-4-hydroxybenzoate t 2-methyl«4 t 6-di-tert-butylphenyl 
3,5-di-tert-butyl-4-hydroxybenzoate. 

2.4. Acrvlates. for example ethyl and isooctyl a-cyano-P,p-diphenylacrylate f methyl 
a-carbomethoxycinnamate, methyl and butyl a-cyano-P-methyl-p-methoxycinnamate, 
methyl a-carbomethoxy-p-methoxycinnamate and 
N-(P-carbomethoxy-p-cyanovinyl)-2-methylindoline. 

2.5. Nickel compounds, for example nickel complexes of 

2 t 2*-thiobis[4-(l,U,3-tetramethylbutyl)phenol], such as the 1:1 and 1:2 complexes, if 
desired with additional ligands, such as n-butylamine, triethanolamine or 
N-cyclohexyldiethanolamine, nickel dibutyldithiocarbamate, nickel salts of monoalkyl 
esters, such as the methyl or ethyl esters, of 4-hydroxy-3^-di-tert-butylben2ylphosphonic 
acid, nickel complexes of ketoximes, such as of 2-hydroxy-4-methylphenyl undecyl 
ketoxime, and nickel complexes of l-phenyI-4-lauroyl-5-hydroxypyrazole, if desired with 
additional ligands. 

2.6 Stoically hindered amines, for example bis(2,2,6,6-tetraroethylpiperidyl) refracatr. 
bis(2A6,6-tetramethylpiperidyl) succinate, bis(l A2,6,6-pentametiiylpiperidyl) sebacate, 
bis(l A2,6,6-pentamethylpiperidyl) n-butyl-3^-di-ten-butyl-4-hydroxyben^rlmalonate, 
the product of the condensation of 1 -hydroxyethyl-2^,6»6-tetramethy 1-4-hydroxy- 
piperidine and succinic acid, the product of the condensation of N,N'-bis(2£,6,6-tetra- 
methyl-4-piperidyl)hexamethylenediamine and 4-tm-octylamino-2,6-dichloro-13,5- 
s-triazine, ttis(2,2,6 f 6-tetramethyl-4-piperidyl) nitrilotriacetate, tetrakis(2,2,6,6-tetra- 
methyl-4-piperidyl) 1,2,3,4-butanetetraoate, l,r-(l,2-ethanediyl)bis(3,3^^5-tetramethyl- 
piperazinone), 4-benzoyl-2^,6,6-tetramethylpiperidine t 4-stearyloxy-2,2 ,6,6-tetramethyl- 
piperidine, bis(l,2,2,6,6-pentamethylpi^ 

benzyl)malonate, 3-n-octyl-7J^ > 9-ten^ethyl-13,8-triazaspiit)t4.5]decane-2,4^one > 
bis(l-octyloxy-2A6,6-tetramethylpiperidyl) sebacate, bis(l-octyloxy-2A6,6-tetramethyl- 
piperidyl) succinate, the product of the condensation of Njr-bisCW.6 t 6-tetramethyl- 
4-piperidyl)hexamethylenediamine and 4-morpholino-2,6-dichloro-l,3^-triazine > the 
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product of the condensation of 2-chloro- 

4,6^(4-n-butylaramo-2.2,6,6-^^ and l,2-bis(3-amino- 

propylamino)ethanc, the product of the condensation rf2-cMmo^.6HuX4-n-bntylaminc- 
UA6,6-pentamethylpipcridyl)-13^-tria2ine and l>bis(3-aminopropylamino)etharie, 
8-aceiyl-3-dodecyl-7J,9.9-tetiBmethyl-13,8-triazaspno^ 3-dodecyl- 
l-aA6.6-tct I ^ e thyl^pi P eridyl)pynolidiiic-24-dioiic and 3-dodecyl-l-(l A2,6,6-penta- 
methyl-4-piperidyl)pyrrolidine-2,5-dione. 

2.1. Oxalamides, for example 4,4'-dioctyloxyoxaiiilide, 2£*-<hoctyloxy-5,5 , -di-tert- 
butyloxanilide. 2a'-didai e cyloxy-5^'-oi-tm-buryloxamlide, 2-ethoxy-2'-ethyloxanilide, 
N^'-bisP-dimethylammopropyOoxalainide, 2-ethoxy-5-tert-butyl-2'-ethyloxanilide and 
mixtures thereof with 2-ethoxy-2'-ethyl-5 ( 4'-di-t C n-butyloxanilide I and mixtures of o- and 
p-methoxy- and of o- and p-ethoxy-disubstituted oxanilides. 

2.8. 2-f2-HvdTOXvnheriy n.l3^-triflrinft !8 | fhr w^pi. 

2,4,6^trisC2-hydroxy-4-octyloxyphenyl)-l,34-triazine, 

2-(2-hydioxy-4-octyloxyphenylM,6-bis(2,4-dimethylphenyl>13^ 

2-<2,4-dfoydraxyphenylM,6-bis(^^ 

2,4-bis(2-hydroxy-4-propyloxyphenyl)-6^(2,4-dimemylphenyl)-13^- 
2-(2-hydioxy-4-cctyloxyplienylM^^ 

2-(2-hydroxy-4-doo^loxyphenylH.6-bis(2,4-to 
2-P-hydroxy-4-(2-hydroxy-3-buto 

triazine, 2-[2-hytoxy-4-(2-hydroxy-3-octyloxyinopoxy)phenyl]- 
4,6-bis(2,4-dimethylphenyl)- 1.3,5-triazine. 

Preference is given to light stabilizers from classes 2.1, 2.6 and 2.7, for example light 
stabilizers of the Chimassorb 944, Chimassorb 1 19, Tinuvin 234, Tinuvin 312, Tinuvin 
622 and Tinuvin 770 type. 

The light stabilizers are preferably added in an amount of from 0.01 to 2 % by weight, in 
particular from 0.05 to 0.5 % by weight, based on HDPE. The light stabilizers are 
preferably a combination of a benzotriazole and a sterically hindered amine. 

If necessary other conventional plastics additives can be added to the HDPE, for example 
fillers, such as sawdust or mica, reinforcing agents, such as glass fibres, glass beads or 
mineral fibres, pigments, plasticizers, lubricants, such as metal stearates or laurates, 
flameproofing agents, antistatics or blowing agents. Such additions depend on the ' 
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intended use of the HDPE. 

The HDPE stabilized in this way can be used far a wide variety of purposes known to the 
person skilled in the art. 

The HDPE can also be employed as a mixture with other plasties, for example in a 
coextrusion process, or in the form of a blend. 

Hie examples below illustrate the novel process in greater detail. Here as in the remainder 
of the description, parts and percentages are by weight, unless stated otherwise. 

Examples 1 and 2 : Fresh HDPE material in the form of granules (Hostalen® GF 7650 PI) 
is homogenized in a mixer with die stabilizers listed in Table 1 and subsequently extruded 
five times one after the other in a single-screw extruder (temperature 250°C). The melt 
flow rate (190°C, 10 kg) is determined in accordance with DIN 53735M (ISO 1133/12) 
after the 1st, 3rd and 5th extrusions. 

The stabilized granules from the first extrusion are converted into test specimens at 250°C 
in an injection-moulding machine. These test specimens are subjected to artificial ageing 
at 120°C, the brittleness of the sample being determined as a function of the ageing 
duration. Table 1 shows the ageing time in days before the sample breaks. 



Table 1: 

Multiple extrusion (temperature 250°C) of HDPE 





Stabilization 


Melt flow rate after 
1st 3rd 5th 
extrusions [190°C/10kg] 


Fracture 

after - 
[days] 


A 


no additives 




6.69 


7.18 


7.72 


5 


B 


0;07 AO-1 +0.13% PI 




7.12 


7.58 


8.08 


131 


C 


0.04 % AO-1 + 0.08 % P-l + 0.08 % 


> Ca stearate 


7.06 


7.11 


7.65 


107 


Ex.1 


0.04 % AO-1 + 0.08 % P-l + 0.08 


S&CaO 


6.74 


6.80 


6.84 


>150 


Ex.2 


0.05 % AO-1 + 0.05 % P-l + 0.10 ' 


% CaO 


6.84 


6.86 


7.04 





not determined 



The novel stabilized samples exhibit only a slight increase in melt flow index after 
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repeated extrusion. Degradation reactions and decomposition of the polymer cause the 
melt flow index to increase. In addition, the artificial ageing values show the advantageous 
improvement in the long-term stability with the novel stabilizer mixture. 

In the above examples, the following stabilizers are used: 

AO-1 Pentaerythrityl ester of P-(3^-di-tert-butyI-4-hydroxvphenyl)propionic acid 

P-l Tris-(2,4-di-tert-butylphenyl) phosphite 
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WHAT IS CLAIMED TS - 

1. Stabilized high-density polyethylene (HDPE) which experiences a reduction L 
molecular weight doting processing, comprising a mixture, preferably from 0.05 to 15 % 
by weight, of a) at least one stoically hindered phenol, b) at least one organic phosphite or 
phosphonite and c) calcium oxide. 

2. HDPE according to claim 1, as obtained by means of catalysts of the Ziegler-Natta type. 

3. HDPE according to claim 1, wherein the a:b weight ratio is from 20:1 to 1:20 and the 
(a+b):c weight ratio is from 10:1 to 1:20. 

4. HDPE according to claim 1, wherein the a:b weight ratio is from 10:1 to 1:10 and the 
(a+b):c weight ratio is from 5:1 to 1:10. 

5. HDPE according to claim 1, comprising from 0.05 to 5 % by weight of the mixture of a, 
b and c. 

6. HDPE according to claim 1, wherein component a is a compound containing at least 
one group of the formula 




(D 



in which R' is hydrogen, methyl or tert-butyl; and R" is substituted or unsubstituted alkyl 
or substituted or unsubstituted alkylthioalkyL 

7. HDPE according to claim 1, wherein component a is a compound selected from 
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O 




{2-(U-dimethykthyl)-6-n^ 

5-methylpbenyl]raethyl] -4-methylphenyl 2-propenoate } ; 




{ 1,6-hexanediyl 3,5-bis(l J-dimethylcthylH-hydroxyphenylpropanoate}; 




{ l f 2-«thanediylbis(oxy-2,l-cthanediyl) 3-(l, l-dimcthylethyl> 
4-hydioxy-5-incthyl-phenylpropanoatc } ; 




C H2SC3 H ^ j 



CH 3 



{2-methyl-4,6^i[(octylthio)methyl]phenol}; 
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{2^ , -e±ylidenebis(4,6-di-tert-buty^)henol)} ; 



CHgCHaCOCH-jCIV 




-12 



{thiodi-2,l-ethanediyl bis-3,5-di(l J-<tocthylethylH.hydroxyphenylpn)panoate}; 
OH 




{4,4\4M(2,4,6-ti^^ 

phenol}, 

and 

the pentaeiythrityl, octyl and octadecyl esters of 
P-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid. 



8. HDPE according to claim 1, wherein component a is the pentaeiythrityl, octyl 



or 
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octadecyl ester of P-(3^-di-tm-butyl-4-hydroxyphenyl)piopionic arid. 

9. HDPE according to claim 1. wherein component b is a phosphorite or phosphite of the 
formula 



OH) 



(V) 



Rio-p; 



ORi 



f * — o > 
V— o 



(TV) A* --O-P 



(VI) 



\ 



PR2 



OR,' 



'n' 



> — O i 

V P-O— A' 

"3° V_r/ 




in which 

R'l, R* 2 and R' 3 , independently of one another, are alkyl having 1 to 18 carbon atoms, alkyl 
having 1 to 18 carbon atoms which is substituted by halogen. -COOR^, -CN or 
-CDNR 4 , R 4 ' 1 alkyl having 2 to 18 carbon atoms which is interrupted by -S-, -O- or -NR' 4 -, 
cycloalkyl having 5 to 8 carbon atoms, phenyl or naphthyl, phenyl or naphthyl which is 
substituted by halogen, 1 to 3 alkyl radicals or alkoxy radicals having a total of 1 to 18 
carbon atoms, 2A6,6-tetramethylpiperid-4-yl, N-allyl- orN-benzyl- or 
N-alkyl-2,2,6,^tetramethylpiperid-4-yl having 1 to 4 carbon atoms in the alkyl moiety or 
N-alkanoyl-2^ ,6,6-tetramethylpiperid-4-yl having 1 to 4 carbon atoms in the alkyl moiety, 
or N-alkylene-2^,6,6-tetramethylpiperidyl or N-alkylene-4-alkoxy-2,2,6,6-tetramethyl- 
piperidyl having 1 to 3 carbon atoms in the alkylene moiety and 1 to 18 carbon atoms in 
the alkoxy moiety, 
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R 4 or the radicals 1^' are, independently of one another, hydrogen, alkyl having 1 to 1 8 
carbon atoms, cycloalkyl having 5 to 12 carton atoms or phenylalkyl having 1 to 4 carbon 
atoms in the alkyl moiety, 
n' is 2, 3 or 4, 

A', if n* or q is 2, is alkylene having 2 to 12 carbon atoms, alkylene having 2 to 12 carbon 
atoms which is interrupted by -S-, -O- or -NR' 4 -, in which R' 4 is as defined above, or a 
radical of the formula 




A', if n' or q is 3, is a radical of the formula -C^i^- or N(CH 2 CH 2 ^3-* » in which 
r is 5 or 6, 

A', if n' is 4, is a radical of the formula QCHj)?" , 

R 5 and R 6> independently of one another, are hydrogen or alkyl having 1 to 8 carbon 
atoms, 

B is a radical of the formula -CH r , -CHR' 4 -, -CR'iRV. -S- or a direct bond, in which R\ 

and R 4 are as defined above, 

pislar2, 

D' is methyl if p is 1 and -CH 2 OCH 2 - if p is 2, 
R 9 is methyl, and R' 10 is as defined for R' lf 
q is 2 or 3, 
y is 1, 2 or 3, 

W, if y is 1, is alkyl having 1 to 18 carbon atoms, a radical of the formula -OR^, 
-NR'^R'jg or fluorine, 

W, if y is 2, is a radical of the formula -0-A"-0 or 
H3CCH3 ^ 

-o— / n~ch 2 -ch-r; 9 , 

H3C CH 3 

W, if y is 3, is a radical of the formula RiC(CH 2 <>)5- > N(C 2 H 4 0i3- or N^HfiO^- , 
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in which R 4 is as defined above, 
R' ]6 is as defined for R',, 

R',7 and R' lg . independendy of one another, are alkyl having 1 to 18 carbon atoms, benzyl, 

cyclohexyl. a 2^,6,6-tetra- or 1 A2,6,6-pentamethylpiperid-4-yl radical, or R' 17 and R' 18 

together form butylene, pentylene, hexylene or the radical of the formula 

-CH 2 CH 2 -0-CH 2 CH 2 -, 

A" is as defined for A', if n' is 2, 

R'i9 is hydrogen or methyl, 

the substituents R' 14 , independendy of one another, are hydrogen, alkyl having 1 to 9 
carbon atoms or cyclohexyl, 
R'i5 is hydrogen or methyl and 

Z is a direct bond, -CH 2 -, -CCR 1 ^- or -S-, in which the substituents R' 14 are identical or 
different and are as defined above. 

10. HDPE according to claim 1, wherein component b is an aromatic phosphite or 
phosphonite. 

11. HDPE according to claim 1, wherein component b is tris(2.4-di-tm-bmylphenyl) 

A" 2 CH 3 

phosphite or /*v^\x' CI "' 3 N?" - 




12. HDPE according to claim 1, wherein, in addition, a thiosynergist from the series 
consisting of the esters of thiodipropionic acid is added to the HDPE. 

13. HDPE according to claim 1, wherein, in addition, at least one light stabilizer from the 
series consisting of the benzophenones, benzotriazoles, oxanilides and stoically hindered 
amines is added to the HDPE. 

14. HDPE according to claim 1, wherein, in addition, at least one light stabilizer from the 
series consisting of the benzophenones, benzotriazoles, oxanilides and stoically hindered 
amines is added to the HDPE, where the amount of the light stabilizers) is from 0.01 to 
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2 % by weight, based on HDPE. 



15. Use of a stabilizer mixture comprising a) at least one stoically hindered phenol, b) at 
least one organic phosphite or phosphonite and c) calcium oxide for the stabilization of 
high-density polyethylene (HDPE) which experiences a reduction in molecular weight 
during processing. 

16. A process for the stabilization of high-density polyethylene (HDPE) which 
experiences a reduction in molecular weight during processing, which comprises adding 
a) at least one sterically hindered phenol, b) at least one organic phosphite or phosphonite 
and c) calcium oxide to the polyethylene. 
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